The relationship between the iodine intake level of a population and the occurrence of thyroid diseases is Ushaped with an increase in risk from both low and high iodine intakes. Developmental brain disorders and endemic goiter caused by severe iodine deficiency may seriously deteriorate overall health status and economic performance of a population. Severe iodine deficiency with a median 24-hour urinary iodine excretion of the population below 25 mg needs immediate attention and correction. Less severe iodine deficiency with median urinary iodine excretion below 120 mg per 24 hours is associated with multinodular autonomous growth and function of the thyroid gland leading to goiter and hyperthyroidism in middle aged and elderly subjects. The lower the iodine intake, the earlier and more prominent are the abnormalities. At the other end of the spectrum, severely excessive iodine intake starting at median urinary iodine excretion levels around 800 mg per 24 hours is associated with a higher prevalence of thyroid hypofunction and goiter in children. A number of studies indicate that moderate and mild iodine excess (median urinary iodine .220 mg per 24 hours) are associated with a more frequent occurrence of hypothyroidism, especially in elderly subjects. The exact mechanism leading to this has not been clarified, and more studies are needed to define the limits of excessive iodine intake precisely. Due to the frequent occurrence of thyroid disorders, proper monitoring and control of the population iodine intake level is a cost-effective alternative to diagnosing, therapy and control of the many individual cases of thyroid diseases that might have been prevented.
Introduction

R
EDUCTION OF THE RISK of disease is important in health care for any population. To plan and achieve risk reduction it is necessary to have a basic knowledge of the relationship between exposure to a risk factor and the corresponding risk of disease. Such a relationship may take many shapes, some of which are illustrated in Figure 1 (1,2) . U-shaped curves as shown for the relation between the iodine intake level and the risk of thyroid disease are common in nutrition. An example is the relation between total energy intake and disease where both low and high intakes are associated with an increase in risk.
In the case of iodine intake it is well documented and accepted that a low iodine intake is associated with a high risk of disease, the most prominent abnormalities being developmental brain damage and endemic goiter (3, 4) . Because the iodine intake from natural sources is low in many areas of the world, much effort has been devoted to increasing the iodine intake of populations. The importance of this activity for prevention of disease, guided by international organizations (The International Council for Control of Iodine Deficiency Disorders, The World Health Organization, UNICEF) cannot be overestimated. Currently, two-thirds of the world population are more or less covered by public iodine supplementation programs (5) .
Comparatively less focus has been on the other end of the risk/iodine intake curve, i.e., the increase in risk from a high iodine intake. Few populations have a high iodine intake from natural sources. The most common causes are regular intake of seaweed or soup made from seaweed; e.g., Japan is a classic example (6) , and a high iodine content of drinking water; certain parts of China are prominent examples (7, 8) . In Iceland, fish products have traditionally been used for animal feeding causing high iodine content in meat and dairy products (9) . However, a relatively high iodine intake of a population may have other causes. Uncontrolled iodine supplementation may lead to high iodine intake (10) . Another artificial source of iodine important for population iodine intake is iodine containing chemicals used for prepa-ration of food. In the United States, iodine-containing conditioners used by bakers in the past were a major cause for the high iodine intake that was periodically observed (11) . Iodine supplements to domestic animals leading to high iodine contents of dairy products and meat have commonly been involved in unexpected and unplanned increases in a population's iodine intake. The history behind the increase in iodine intake in the United Kingdom caused by such a mechanism has been published recently (12) .
Many studies have been performed in patients with various thyroid abnormalities to evaluate the effect of an increase in iodine intake. It has been shown that moderate doses of iodine are not well tolerated by most patients with past or present thyroid abnormalities (13) . On the other hand, when similar studies have been performed in small groups of healthy subjects, little adverse effect has been observed (14) . It is beyond the scope of this article to discuss these studies, which are important for elucidating mechanisms and for the guidance of an individual patient seeking advice. Because a considerable proportion of any population will have past or present thyroid abnormalities, it is to be expected that the population iodine intake will be important for the manifestations of thyroid diseases. This should, however, be evaluated from epidemiological studies where the risk/exposure relationship between the iodine intake level and the incidence and prevalence of various thyroid diseases has been analyzed.
High Population Iodine Intake and Thyroid Disease
The classic example of a high prevalence of disease caused by a high iodine intake is the endemic coast goiter in Hokkaido, Japan (15) . The usual diet of the inhabitants was high in iodine rich seaweeds and urinary iodine excretion in patients with goiter was approximately 20,000 mg per 24 hours. In some areas, 14% of the population had goiter, which could be very large. Restriction of dietary iodine intake was followed by goiter regression in some patients, and most goiters responded to administration of thyroid preparations (15) . Thyrotropin (TSH) assays were not available, but presumably an increase in serum TSH was involved in generation of goiter.
Goiter associated with high iodine intake is, however, not restricted to intakes of many milligrams per day. In China, Mu et al. (7) examined thyroid status in children from two villages, where the iodine concentrations in drinking water were 54 and 462 mg/L, respectively. The mean urinary iodine excretions were 428 and 1235 mg/g creatinine, respectively. These values indicate an iodine intake considerably higher than the recommended intake of 150 mg per 24 hours for adults (16) , but much less than in the Hokkaido study (15) . The area with the most excessive iodine intake was clearly an endemic goiter area (Fig. 2 ) and thyroid volume measured by ultrasound was correspondingly high (7) . There were no signs of neurological deficits or impairment of cognitive function, but abnormally elevated TSH was common. Mean serum TSH (7.8 mU/L) was above the normal range in this area, whereas mean serum TSH was high-normal (3.9 mU/L) in children from the area with less excessive iodine intake. This well-conducted study demonstrates the high prevalence of thyroid abnormalities in children associated with a high iodine intake.
Shift from Low to Sufficient or High Iodine Intake
Many populations have been exposed to a change from low to high iodine intake. Where this has been intentional some kind of disease monitoring has often followed. It is now well established that iodine supplementation to an iodine-deficient population may be accompanied by a several LAURBERG ET AL. 458
FIG. 1.
Examples of relation between exposure to a risk factor and the risk of developing disease. Adapted from Rose (1) and Laurberg (2) .
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to manyfold increase in the incidence of hyperthyroidism, depending on the severity of the iodine deficiency and the magnitude of the increase in iodine intake (10) . The main cause seems to be an increase of thyroid hormone synthesis in autonomous thyroid nodules, which have developed during the period of low iodine intake. This increase in disease incidence is transient, because the more sufficient iodine intake reduces the risk of future development of autonomous thyroid nodules (10) . The major effect of an increase in iodine intake on the incidence of hyperthyroidism is observed within the first few years, but the surge may last longer. In Tasmania it took more than 10 years before hyperthyroidism incidence figures approached preiodine supplementation values (10, 17) . However, previous iodine deficiency may influence the pattern of thyroid diseases in a population for even longer periods. In the United Kiingdom it was recorded that the type of hyperthyroidism in different towns to a large extent reflected the degree of iodine deficiency present before iodine intake started to increase 20 years earlier (18) .
Epidemiology of Hypothyroidism and Hyperthyroidism in Moderately Low and High Iodine Intake Areas
After a change in a population's iodine intake there is a prolonged delay before a new steady state is reached in the occurrence of thyroid disease. This hampers interpretation of epidemiological studies. It is necessary to take into consideration not only the present iodine intake level, but also the history of iodine intake of the population under study.
There are several other problems encountered when trying to obtain an overview of the pattern of the many studies performed. Some studies are based on subjects who are attending clinics or living in institutions rather than on population cohorts. Diseases and medications may not be reported. Ethnicity and age composition of cohorts vary. The quality of diagnostic methods is different. Up until the late 1980s few TSH assays could measure serum TSH below the range for healthy subjects. Hence, information on subclinical hyperthyroidism was not obtained. Widely differing cutoffs for abnormal serum TSH have been used. In population studies there is a continuum from frank normal to severely abnormal values, and even small differences in cutoff levels between normal and abnormal may severely bias comparison between studies. In some populations the fraction of subjects receiving thyroid hormone is high and this may heavily influence the prevalence of high and low serum TSH.
The interpretation problems can be illustrated by a recent epidemiological study performed in the United States (19) . The study was population based and comprised 279 ambulatory white women over age 65. The normal range for the TSH assay was 0.5 to 5.5 mU/L. Abnormal values were, however, reported for TSH 0.1 mU/L or less (low) and greater than 5.5 mU/L (high), presumably leaving some participants with below normal TSH unreported. TSH was high in 6.8% and low in 3.6% of participants. Considering the TSH range mentioned above the immediate conclusion would be that there was not much difference in the prevalence of some degree of thyroid hyperfunction (with low TSH) and thyroid hypofunction (with high TSH) in this population. Accordingly the study would not support the conclusion to be given below, that thyroid hypofunction is very common, and much more so than thyroid hyperfunction, in the elderly in populations with a relatively high iodine intake such as the population participating in this study.
However, from the data given it can be calculated that 11% to 12% of these elderly women took thyroid hormones, and 90% of cases of low serum TSH were associated with thyroid hormone intake. The reason for the intake of thyroid hormone is not given. Likely reasons are substitution for autoimmune hypothyroidism or hypothyroidism after surgery or radioiodine therapy. Another possibility is attempted suppression of goiter and thyroid nodules. If it is hypothesized that the medication was predominantly taken for previously diagnosed thyroid hypofunction, the prevalence of thyroid hypofunction (treated plus untreated) in this population may be as high as 18%, whereas the prevalence of thyroid hyperfunction with TSH 0.1 mU/L or less from nonmedication
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FIG. 2.
Prevalence of goiter by clinical examination (all cases and cases with visible goiter) in 7 to 15 year old children from two villages in central China. The different levels of iodine intake reflected by the differences in urinary iodine excretion were due to differences in iodine content of drinking water. Mean thyroid gland volume by ultrasound examination was 13.3 mL (SD, 2.7, n 5 120) in the cohort with mean urinary iodine of 1236 mg/g creatinine, versus 5.9 mL (SD, 1.8, n 5 51) in the other cohort. Data from Mu et al. (7). may be as low as 0.4%. The calculation illustrates that it is possible to reach different conclusions depending on how data are selected and analyzed. More importantly, it shows how easily even major trends may be overlooked. We have performed epidemiological studies specifically designed to evaluate differences in the incidence and prevalence of hyperthyroidism and hypothyroidism in areas with moderately low iodine intake (Jutland, Denmark) and moderately high iodine intake (Iceland) . From what we know, these different levels of iodine intake have been present for the lifetime of the inhabitants. The relatively high iodine intake in Iceland with urinary iodine excretion around 300 mg per 24 hours in young subjects (9) , is mainly due to a relatively high consumption of fish, and the traditional use of fish meal for animal feeding. In Jutland, the iodine intake is low, approximately 40 to 70 mg/d (20) . The two areas have a similar genetic background (21) and similar levels of economic development and health care. Figure 3 shows the incidence of hyperthyroidism in various age groups in the two populations (22) . In Iceland, hyperthyroidism was two to three times more common than in Jutland in young and middle-aged subjects. On the other hand, hyperthyroidism was much more common in the elderly in Jutland. This means that a comparison of total incidences would depend on the age composition of the populations studied. As the populations included relatively many young subjects (Fig. 4 ) the total incidences of hyperthyroidism were not very different, but significantly higher in Jutland (Fig. 5) . When the average age of the populations becomes higher, the incidence of hyperthyroidism will increase considerably in the low iodine intake area. The calculated lifetime risk for developing hyperthyroidism up to the age of 90 years was 2.3 times higher in Jutland than in Iceland.
The incidence of the common types of hyperthyroidism is depicted in Figure 5 . Nearly all cases of hyperthyroidism in Iceland were Graves' disease and occurred in young and middle-aged subjects. The few cases of nodular thyroid disease were mainly seen in the elderly. In Jutland, young subjects with hyperthyroidism had mostly Graves' disease, but there were relatively more cases of Graves' disease in the elderly compared to Iceland. The discrepancy in age distribution is the cause for the large difference in incidence of hyperthyroidism in the young (Fig.  3) versus the relatively modest difference in total incidence of Graves' disease (Fig. 5) . The lifetime risk of Graves' disease was not different between areas.
A major difference between populations was that multinodular toxic goiter was the most common cause of hyperthyroidism in Jutland, but relatively rare in Iceland. In Jutland, both multinodular toxic goiter and solitary toxic adenoma were predominantly diagnosed in elderly subjects, but solitary toxic adenomas at a somewhat younger age than multinodular toxic goiter (23) .
The incidence of hypothyroidism in Jutland, which was studied simultaneously (24) , is shown in Figure 6 . Hypothyroidism was less common than hyperthyroidism at all ages except newborns. The majority of patients (79%) had spontaneous autoimmune hypothyroidism (16% of these had goiter, Hashimoto's disease). There are few other studies of incidences of hyperthyroidism and hypothyroidism in the same population. In the Whickham follow-up study, hypothyroidism was much more common than hyperthyroidism (25) . The population studied in Whickham had a higher age because only adults were studied at the first investigation 20 years previously (26) . This might explain some of the difference in overall incidence of thyroid disease. In the two studies of the population in Whickham, urinary iodine and creatinine concentrations were measured in a sub-
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FIG. 3.
Incidences of overt hyperthyroidism in various age groups in Iceland (with high iodine intake) and in East Jutland, Denmark (with low iodine intake) in a comparative study (JUICE 1). The number of subjects in each age group are depicted in Figure 4 . The population-years observed were 1,264,450. ***p , 0.001 between areas in age group. **p , 0.01. Data from Laurberg et al. (22) . set of the subjects. Values corresponding to a 24-hour urinary output of 100 to 120 mg of iodine were found (25, 26) . At the time of the first study, iodine analyses of food suggested a daily intake of 250 mg of iodine in the United Kingdom (27) . The reason for this discrepancy is not clear, but major circannual variations in iodine intake in the U.K. population have been reported (27, 28) . Without doubt the iodine intake of the Whickam population was considerably higher than the Jutland population, and this is the most likely cause for the difference in disease pattern.
Prevalence of Thyroid Hypofunction and Hyperfunction in Populations with Different Iodine Intake Levels
As discussed previously it is difficult to compare results of epidemiological studies evaluating the prevalence of thyroid hypofunction and hyperfunction. Any comparison of studies is open to criticism. Figure 7 illustrates prevalences of hypothyroidism with high TSH (combination of clinical and subclinical disease) and hyperthyroidism with low serum TSH in a number of studies.
Iceland (1988) and Jutland, Denmark (1988) were part of the same epidemiological study, with similar age groups (approximately 68 years), identical set up, and mixing of samples from the two areas in all assays (29) . They gave different disease patterns with a high prevalence of hyperthyroidism in Jutland and a low prevalence in Iceland. For hypothyroidism the pattern was quite the opposite: high prevalence in Iceland and low prevalence in Jutland. The other studies shown in Figure 7 have all used a TSH assay with the capacity to measure subnormal values. They are selected, but they are more or less typical for many other studies. Colorado (1995) (30) comprised 25,862 participants in a statewide health fair. Medium age of participants was 56 years; 55% were females. A serum TSH above the normal range (.5.1 mU/L) was found in 9.5% of the participants, whereas a low serum TSH (,0.3 mU/L) was present in 2.2%.
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FIG. 4.
Age distribution of the population cohorts observed for measuring incidences of overt hyperthyroidism in Iceland and in East Jutland, Denmark (JUICE 1). Because disease incidences vary widely between age groups, it is important to know the age distribution when evaluating total incidences ( Thyroid medication (type not given) was taken by 5.9%, and 58% of subjects with low TSH were taking thyroid medication. Because of the high frequency of intake of thyroid medication exact figures for the prevalence of thyroid hyperfunction and hypofunction cannot be given. Among subjects not taking thyroid medication 8.9% had an elevated and 1.0% a low serum TSH. Until approximately 1960, the natural iodine deficiency of many areas of the United States was partly ameliorated by intake of iodized salt (31) . Subsequently iodate was intro-
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FIG. 6. Incidences of overt hypothyroidism and hyperthyroidism in various age groups in East Jutland (with moderate iodine deficiency). The investigation was part of the JUICE 1 study. Data from Laurberg et al. (24).
FIG. 7. Prevalence of thyroid hypofunction (with elevated serum thyrotropin [TSH]
) and thyroid hyperfunction (with low serum TSH) in studies of various cohorts. Iceland 1988 and Jutland, Denmark 1988 were part of the same comparative epidemiological study of 68-year-old subjects from the population (JUICE 3) (29) . Colorado was a large health faire study (n 5 25,862) (30) . The Framingham population cohort comprised 2,007 subjects who were 60 years of age or older (35, 36) , in Birmingham, United Kingdom (37), 1,210 subjects 60 years of age or older registered with a single practice were examined. The study in Pescopagano, Italy (38) , included 1,411 residents of the village (median age, , 30 years), in southwest Germany (39) 50 to 80 year old males and females (n 5 559) from the population were studied, whereas 446 subjects over the age of 60 years (F/M, 403/63) participated in the Wuppertal study (40, 41) . duced in the baking industry as a bread stabilizer (11) and the iodine content of dairy products became high (32) . This introduced a period of excessive population iodine intake with median intakes ranging from 500 mg to 1000 mg/d in various surveys (32) (33) (34) . More recently the iodine content of food has decreased again, providing a median iodine intake of approximately 200 mg/d, but with a very skewed distribution (mean value approximately twice as high as median value) (34) .
Hence, the participants of the Colorado study investigated in 1995 (Fig. 7) had been exposed to a high iodine intake for most of their lives, similar to the Icelandic population investigated in 1988. On the other hand, the population cohort (age, 60-87 years) examined in Framingham, MA, USA, in 1979 (35,36) may have been exposed to a relatively low iodine intake during the early part of their life. Phillips et al. (18) reported that previous low iodine intake gave a relatively high incidence of nonautoimmune hyperthyroidism even 20 years after an increase in iodine intake. The relatively high prevalence of low serum TSH (not caused by thyroid hormone intake) in the Framingham cohort (Fig. 7) may be due to such a mechanism, whereas the high prevalence of high TSH may be due to relatively high iodine intake at the time of the study. A similar variation from low to relatively high iodine intake occurred in the United Kingdom (12) (Birmingham, 1988; [37] ), Fig. 7) .
The studies depicted in Figure 7 from Denmark (29), Italy (38) , and Germany (39-41) have all been performed in populations with long-standing mild to moderate iodine deficiency. They uniformly show a pattern of high prevalence of thyroid hyperfunction with low serum TSH and low prevalence of thyroid hypofunction with elevated serum TSH.
The pattern of many cases of thyroid hyperfunction in mild or moderate iodine deficiency and many cases of thyroid hypofunction with high iodine intake has been found in many other studies (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) .
Mechanisms Behind the High Prevalence of Low Serum TSH in Mild to Moderate Iodine Deficiency
Thyroid nodules are common in all populations. Some are neoplastic (mostly benign) with autonomous hormone synthesis and secretion (hot nodules), or more commonly loss of the capacity to trap iodine and synthesize hormones (cold nodules). Other nodules are part of the heterogeneous abnormality of multinodular or simple goiter (see Laurberg [56] for review). The mechanisms leading to this abnormality with multifocal polyclonal autonomous thyroid growth and function are only partly known. The abnormality is associated with and may be driven by a low organic iodine content of the thyroid gland (56, 57) . Some of the hyperfunctioning areas are monoclonal neoplasias harboring the same TSH-receptor activating point mutations as solitary toxic thyroid nodules (58) (59) (60) .
The progression of autonomous thyroid hormone secretion in patients with multinodular goiter may vary as illustrated in Figure 8 . Over a period of years some patients progress to overt hyperthyroidism and some remain euthyroid. Some patients stabilize with a below normal serum TSH, indicating that thyroid hormone secretion has more or less been taken over by autonomous tissue. A load of iodine may induce transient hyperthyroidism, presumably by the increase in substrate availability for thyroid hormone synthesis.
The reason for the difference in progression between patients is not known. One possible cause may be differences in the responsiveness to TSH of differently mutated TSH receptors found in some of the hyperactive nodules. Figure 9 illustrates the difference in TSH induced cyclic adenosine monophosphate (cAMP) generation in cells with various mutated TSH-receptors found in toxic thyroid nodules. In general the mutated receptors are more responsive to TSH than the wild-type TSH-receptor, but the dose response curves vary (61, 62) . Some mutated receptors respond to a tenfold decrease in TSH with a normalization of cAMP production, whereas other mutations lead to much more TSH responsive and active receptors. Further studies are needed to clarify the importance of this mechanism.
The increase in frequency of multinodularity in the thyroid gland with advancing age in low-iodine intake areas such as Denmark (63) is associated with a decrease in serum TSH of the female population with age. This is more promi- nent with a lower iodine intake level ( Fig. 10 ) (64) . No difference between areas was found if participants with thyroid nodules by ultrasonography were excluded (64) . The opposite tendency with a slight increase in serum TSH in elderly females has been reported from Sweden (65) and the United Kingdom (26) with higher iodine intakes. Hence, the high incidence and prevalence of thyroid hyperfunction in populations with mild and moderate iodine deficiency is linked to the development of multifocal autonomous function of the gland. It is the same disease that leads to the high prevalence of goiter (56) .
Mechanisms Behind the High Prevalence of Elevated Serum TSH in Populations with High Iodine Intake
Two types of mechanisms are likely to be involved in the increase in the prevalence of hypothyroidism in a population when the iodine intake level becomes high. One mechanism is induction of thyroid hypofunction due to autoimmune thyroiditis, the other is the inhibitory effect of iodine on many thyroidal processes involved in thyroid hormone synthesis and secretion.
It has been demonstrated in a number of animal models prone to developing autoimmune thyroiditis that a variation from low to normal to high iodine intake is associated with a progressive increase in thyroiditis (13, 66, 67) . Moreover, several studies of human thyroid specimens removed during surgery have shown an increase in the prevalence of histological thyroiditis after an increase in iodine intake of the population (68) (69) (70) (71) . It has, however, been suggested that part of this alteration in histological picture may be caused by a relative increase in normal thyroid tissue not affected by nodularity (72) .
Iodine inhibits a range of processes in the thyroid gland from iodine uptake to the release of thyroid hormones from the follicular cells. This is part of an autoregulatory process, presumably protecting against thyroid hormone hypersecretion after a sudden high iodine intake. However, the autoregulation is far from perfect and often tends to induce thyroid hypofunction. In areas with a high iodine intake, such as Japan, a considerable proportion of patients with newly diagnosed overt hypothyroidism will become euthyroid if they normalize their iodine intake (73) (74) (75) (76) .
At present it is not clear which is the major mechanism: enhancement of thyroid autoimmunity by a high iodine intake or induction of thyroid hypofunction by inhibition of hormone synthesis and secretion from a gland susceptible to develop hypofunction when exposed to iodine.
Similar mechanisms may be involved in the association between a high iodine intake and goiter (7, 8, 15) . Goiter may be due to accumulation of lymphatic tissue in Hashimoto's disease or somehow related to the iodine inhibition of colloid intake and degradation by the thyroidal follicular cells. The major relation may be that a high iodine intake often leads to a high serum TSH, which may induce thyroid hyperplasia.
Optimal Iodine Intake Level for Risk Reduction
It is difficult to depict precisely the shape of the exposurerisk curve for iodine intake/thyroid disease (Fig. 1) . This may vary with age, gender, exposure to goitrogenic substances, etc. The tendency to develop thyroid disease when exposed to a risk factor may be genetically determined (77) . However, much information on iodine intake and thyroid disease has been gathered from epidemiological studies and recent studies published as abstracts have added to the understanding (78) (79) (80) (81) (82) . In Denmark, comparative epidemiological studies of population cohorts with median urinary iodine concentrations of 45 and 61 mg/L (subjects not taking supplements) have indicated that small increases in iodine intake may lead to a considerable decrease in the prevalence (64) and incidence (78) of hyperthyroidism and goiter (63) . This indicates that the risk-exposure curve is relatively steeply falling with an increase in iodine intake in a population with mild or moderate iodine deficiency. On the other hand, the prevalence of some degree of thyroid hypofunction (64) and the incidence of overt hypothyroidism (78) was slightly higher in the population with urinary iodine concentration of 61 mg/L, suggesting that the increase in thyroid hypofunction takes place over the whole range of iodine intake levels from mild iodine deficiency to severe iodine excess.
In keeping with this, a large comparative prevalence study from China indicated that an increase of population iodine intake from a level around 150 mg/d to around 500 mg/d had little measurable effects, except for a threefold increase in the prevalence of thyroid hypofunction (79) (80) (81) (82) . Table 1 suggests some iodine intake intervals associated with an increase in the risk of thyroid disease. As discussed previously, this may be modified depending on intake of goitrogens. The intake level is defined from the median 24-hour iodine excretion of the adult population under evaluation. Urinary iodine excretion is the most convenient way of studying the iodine intake of a population. To avoid 24-hour urinary collections, estimates may be based on measurements of iodine and creatinine in nonfasting daytime (83) spot urinary samples and knowledge of the average 24-hour urinary creatinine excretion in the population/subpopulation under study (84) (85) (86) . If a median 24-hour urinary volume of 1.5 liter is assumed, rough estimates may be based on spot urinary iodine concentrations by multiplying measured values by 1.5.
Intervals of Iodine Intake and Risk
In Table 1 optimal iodine intake is defined as a relatively narrow interval of 120 to 220 mg per 24 hours. This includes the officially recommended intake of 150 mg/d (16) (urinary iodine excretion is approximately 90% of intake). The grouping of iodine deficiency is nearly identical to standard classification (3, 4) where the most recent values are given as urinary iodine concentrations (4). It is stressed that developmental defects are seen in severe iodine deficiency, whereas the main effects of moderate and mild iodine deficiency are goiter and hyperthyroidism caused by multinodular autonomous thyroid growth and function. Some studies have suggested a higher than control prevalence of minor neuropsychointellectual deficits in children from moderately iodine deficient areas (4) . Such studies are diffi- cult to perform and the association is not firmly established. However, this adds to the conclusion that iodine deficiency should be corrected. The upper limit of mild iodine deficiency has been set at 120 mg per 24 hours. This is based on studies from Copenhagen demonstrating that nodular thyroid disease with hyperthyroidism is prevalent even when the median urinary iodine excretion approaches 100 mg per 24 hours (63, 64, 78, 87) . Table 1 in addition attempts to define excess iodine intake levels and the associated risk. This is important for planning of iodine supplementation programs (88) . As reviewed, the incidence of hypothyroidism apparently starts to increase slowly with increasing iodine intake already below the optimal iodine intake level, and this becomes worse with higher iodine intake. Therefore, the upper limit of optimal iodine intake has been set relatively low at 220 mg/d.
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The progression in risk is indicated by the somewhat arbitrary grouping into mild and moderate iodine excess, parallelling mild and moderate iodine deficiency. Severe iodine excess has been set at greater than 800 mg per 24 hours, because studies from China (7, 8, (89) (90) (91) (92) indicate that thyroid hypofunction and endemic goiter in children may develop above this intake level. In the Ten-state Nutrition Survey in the United States (93) higher prevalence of goiter was found in states with high frequencies of iodine intake above such a level. More studies in different populations will probably modify the iodine excretion values proposed in Table 1 , especially the values of iodine excess. In some populations iodine intakes are so heterogeneous that identification of subpopulations with different dietary habits and iodine intake levels may be needed. This may identify subpopulations with deficient or excessive iodine intake, even if the median urinary iodine excretion of the entire population is within the optimal level.
Clearly it is not possible to plan and direct the iodine intake of every individual to be within the optimal interval. It is, however, important to know what to head for when planning for populations. The main purpose of Table 1 is to focus on the importance of surveillance of population iodine intake levels, of monitoring of the iodine supplementation and fortification programs now involving a majority of world inhabitants, and of proper public control of the use of iodine containing chemicals and supplements in farming and the food industry.
Avoidance of severe iodine deficiency is a must for any official health care system. But also, the excess morbidity associated with mild iodine deficiency and iodine excess should be avoided.
Thyroid diseases are common in all populations, and proper targeting of the iodine intake level will prevent many new cases of disease. Surveillance and control of iodine intake is highly cost effective as compared with diagnosing, therapy, and control of the many individual cases of thyroid disease that might have been prevented.
